During the last two decades, expanding industrial activity in east Asia has led to increased production of airborne pollutants that can be transported to North America. Previous efforts to detect this trans-Pacific pollution have relied upon remote sensing and remote sample locations.
Introduction
The phaseout of leaded gasoline in North America and Europe starting in the 1970s resulted in a dramatic global decrease in atmospheric Pb deposition by the early 1990s (1, 2) . Yet other industrial sources of atmospheric Pb -in particular, coal combustionhave grown in the last two decades, most dramatically in China (3) (4) (5) , and emissions of combustion products from Asia have increased accordingly (6, 7) . Lead and other 3 pollutants from Asia, as well as dust, can be transported by winds across the Pacific Ocean to western North America and beyond (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) . The relatively small amount of Asian Pb arriving in North America, and how it is distributed, are poorly known. Yet despite low concentrations, airborne Pb at remote sites has been interpreted as an indicator of the Asian industrial plume (12). It is widely suspected that with continued industrial growth in Asia, trans-Pacific pollution will increasingly degrade North American air quality (12-19) and contribute to the transformation of global climate resulting from air pollution (20) . Considerable recent work has documented the persistence of trans-Pacific dust and pollution -particularly in springtime -through observations using remote sensing and adjoint model sensitivity analysis (10, 11, 13, (16) (17) (18) (19) . Here we use Pb isotopes to quantify the Asian Pb increment present in aerosol samples at both a remote location and at urban sites with substantial local pollution. This analysis directly evaluates a component of the Asian pollution reaching North Americaindependent of modeling or trajectory analysis -and strengthens a new line of evidence for better understanding the processes controlling intercontinental transport of pollutants globally (20) .
It is well known that the Earth's atmosphere is effective at transporting fine dust particles and other aerosols over long distances. Both natural and anthropogenic Pb have been redistributed by winds throughout human history (1, 2, (21) (22) (23) . The deserts of Mongolia and China are known to be major sources of wind-blown dust that is distributed over the North Pacific region in particular, and in lesser amounts over most of North America 4 (11, [16] [17] [18] 22, 24) . Isotopic evidence from North Pacific sediment cores indicates that trans-Pacific transport of Pb-bearing mineral dust from the Chinese loess plateau has occurred for tens of millions of years (25, 26) . By the 1980s, however, industrialization in China had begun to markedly increase Pb concentrations in North Pacific surface waters (27, 28) . Concentrations of Pb in the Mt. Logan ice core in northwest Canada also show a dramatic increase in the last 20 years (29) . This increase is of particular concern in light of the likely association of anthropogenic Pb with black carbon and hence albedo effects in the arctic (12,30), as well as recent evidence that anthropogenic Pb can have a direct role in atmospheric ice nucleation and associated radiative effects (31) .
Previous research suggests that Pb isotopes provide a useful means for identifying transPacific pollution (1, 2, 32, 33 Figure S1 ). By sampling from winter through early summer at these two sites, we capture the transition into the season of transport events. We use this sample set to develop a novel approach 6 for quantifyng the trans-Pacific component in each sample, and then apply this approach to archived samples from other urban communities in northern California. (Table S1) were determined by two methods. Standard X-ray fluorescence spectroscopy (XRF) of most samples was performed by staff from the IMPROVE program at the University of California, Davis. Samples were also analyzed by synchrotron X-ray fluorescence (S-XRF) using a broad spectrum X-ray beam generated on beam line 10.3.1 at the Advanced Light Source at Lawrence Berkeley National Laboratory (15). For S-XRF, five spots on each filter were analyzed and used to quantify uncertainty, whereas in standard XRF, the spot size was essentially the entire filter. Concentrations from the two techniques were comparable, but in some cases the S-XRF uncertainties were substantially greater due to variation among spot analyses. For each filter that was analyzed by both methods, we report the average of the two values and the standard error of the mean, propagated from the two absolute uncertainty values. In many cases the result is that our reported uncertainties exceed those of the concentration obtained by XRF.
Materials and Methods

Elemental analysis. Elemental concentrations in air samples
Pb isotopic analysis.
Pb isotope ratios were measured in all samples (Table S2) using multiple-collector inductively coupled plasma mass spectrometry (MC-ICPMS).
This technique allows the Pb isotope ratios to be determined to a 2σ precision of ±0.02%
and allows for resolution of Asian vs. North American Pb, as further discussed below. (Table S1) At Chabot, concentrations of Pb, Zn, S, and Ca are frequently higher than at Tamalpais, and the dates of maximum concentrations can differ ( Figure S2 , Table S1 ). The
Tamalpais concentrations could reflect trans-Pacific transport, but this signal is obscured at Chabot by local sources. Increased pollution from local sources at Chabot is consistent with its urban location, and makes it difficult to detect or quantify trans-Pacific influence from elemental concentrations. We use our Pb isotope analyses to resolve this ambiguity. (Table S1 ). The continuously elevated Δ 208 Pb values through the springtime period indicate an ongoing, "background" contribution of trans-Pacific Pb that is dependent on favorable meteorological conditions rather than dust loading (12,15).
Trans-Pacific influence in central California cities.
When we applied our mixing analysis using the same endmember arrays to the archived central California samples, the implied fraction of trans-Pacific Pb ranged from 0% to 93%, with 11 of 23 samples indicating amounts greater than 30%, and every site indicating this degree of influence in at least one springtime sample (Table S2c) 
